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Eliézer K. N’Goran,4,6 Giuseppe Cringoli,5 and Jürg Utzinger1,2*
Department of Epidemiology and Public Health, Swiss Tropical and Public Health Institute, Basel, Switzerland1; University of Basel,

Basel, Switzerland2; Center for Infectious Diseases and Travel Medicine, Department of Medicine, University Hospital Freiburg,
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There is a need for accurate diagnosis of intestinal parasite infections in humans, but currently available
copromicroscopic techniques have shortcomings, such as low sensitivity. We compared the diagnostic accuracy
of a further modified version of the recently developed Flotac technique with that of the widely used formalin-
ether concentration technique (FECT) for the detection of intestinal protozoa in human stool samples.
Formaldehyde-preserved stool samples from 108 individuals in Côte d’Ivoire were subjected to the Flotac-400
dual technique, using two different flotation solutions (FS), and to the FECT. Stool samples were examined
according to computer-generated random lists by an experienced laboratory technician blinded for the results
of each method. Both methods detected the same eight intestinal protozoon species. While the Flotac-400 dual
technique (results from both FS combined) found higher prevalences of Entamoeba coli (77.8% versus 71.3%,
P < 0.001), Blastocystis hominis (20.4% versus 13.0%, P � 0.458), and Giardia intestinalis (8.3% versus 6.5%, P <
0.001), the FECT detected higher prevalences of Entamoeba histolytica/Entamoeba dispar (27.8% versus 20.4%,
P � 0.019) and four species of nonpathogenic intestinal protozoa. The diagnostic agreement between the two
methods differed considerably depending on the intestinal protozoon investigated (Cohen’s kappa measures;
range, 0.01 to 0.46). Our study confirmed that the Flotac-400 dual technique can be utilized for the diagnosis
of intestinal protozoon infections in humans. Since Flotac is a sensitive technique for the detection of
soil-transmitted helminths and Schistosoma mansoni, it might become a viable copromicroscopic technique for
the concurrent diagnosis of helminths and intestinal protozoon infections.

Numerous protozoon species parasitize the intestine of hu-
mans, and some of them, e.g., Giardia intestinalis (synonyms:
G. duodenalis and G. lamblia) and Entamoeba histolytica, cause
a remarkable but presently not fully quantified disease burden,
particularly in the humid tropics (26, 38). Epidemiologic stud-
ies and public health interventions, however, more often focus
on helminths (e.g., Schistosoma mansoni, Ascaris lumbricoides,
Trichuris trichiura, and hookworm) than intestinal protozoon
infections (27). This may be partially explained by the fact that
the microscopic diagnosis of intestinal protozoa is more diffi-
cult, hence requiring experienced, highly skilled technicians for
correct identification and differentiation of intestinal proto-
zoon cysts, and is more time consuming than the microscopic
detection of helminth eggs in human stool samples.

Various fecal egg count techniques, including stool concen-
tration methods based on either flotation or sedimentation of
parasitic elements, are employed for the diagnosis and epide-
miologic surveillance of helminth and intestinal protozoon in-

fections in humans and animals. By making use of centrifugal
flotation or density gradient solutions, flotation techniques fa-
cilitate the floating of parasitic elements (e.g., larvae, ova, and
cysts) to the surface of a fecal suspension, from where they can
be readily transferred onto a microscope slide for direct exam-
ination. Sedimentation techniques, in contrast, enable the par-
asitic elements in a fecal sample to concentrate on the bottom
(12).

The formalin-ether concentration technique (FECT) is a
widely used sedimentation technique for the diagnosis of in-
testinal protozoa in preserved stool samples (2). The most
commonly used fixatives for stool preservation are either for-
malin or sodium acetate-acetic acid-formalin (SAF) (3, 24, 40).
Of note, the FECT has some drawbacks. For example, a recent
comparison between European reference laboratories showed
that, even when adhering to a standard protocol, the diagnostic
agreement between the reference centers was only moderate
for the two pathogenic intestinal protozoon species E. histo-
lytica/Entamoeba dispar and G. intestinalis (37). This observa-
tion underlines the difficulty of an accurate diagnosis of intes-
tinal protozoon infections and, hence, that microscopic
identification is challenging even in reference laboratories.

In developing countries, polyparasitism is the norm (29, 30).
Because of polyparasitism being so common and a recent trend
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toward integrated control of multiple parasitic diseases (19,
23), there is a need for sensitive diagnostic tools that are simple
to apply and concurrently detect different intestinal parasite
species in the same stool sample. However, the FECT lacks
sensitivity for the diagnosis of helminths, and its diagnostic
accuracy is inferior to that of the widely used Kato-Katz tech-
nique (18) for the diagnosis of S. mansoni and the common
soil-transmitted helminths (A. lumbricoides, T. trichiura, and
hookworm) (34).

The Flotac technique is a newly developed stool flotation
method which is gaining interest in human and veterinary
public health circles (7, 8). It is facilitated by the Flotac appa-
ratus, developed by one of the authors (G. Cringoli, University
of Naples, Naples, Italy). The method’s principle is based on
the centrifugation of stool samples in a flotation solution (FS)
with a given specific gravity and the subsequent translation of
the upper part of the fecal suspension containing the helminth
eggs and intestinal protozoon cysts for microscopy. Studies
carried out thus far indicate that the Flotac technique detects
human helminth infections with a higher sensitivity than the
Kato-Katz technique (20, 21, 39). Recently, a study from south-
ern Italy—designed to assess the prevalence of parasitic infec-
tions among immigrants—showed that the Flotac technique is
able to diagnose not only helminths but also intestinal proto-
zoon infections (16); hence, further studies are warranted to
compare the diagnostic accuracy of Flotac with those of cur-
rently more widely used techniques.

The objective of the study presented here was to validate the
Flotac-400 dual technique for the diagnosis of human intesti-
nal protozoon infections in stool samples obtained from an
area in sub-Saharan Africa where they are highly endemic.
Hence, we compared the diagnostic accuracy of the Flotac-400
dual technique and the FECT, which is broadly considered the
diagnostic standard technique for the identification of intesti-
nal protozoon species infections in humans. Stool samples
were obtained from a random sample of 108 individuals from
Côte d’Ivoire and were subjected to the Flotac-400 dual tech-
nique, using two different FSs, and the FECT, adhering to
standard protocols.

MATERIALS AND METHODS

Study area and population. The study was carried out between May and
September 2009 and consisted of a field and a laboratory component. In May and
June 2009, stool samples were collected in Léléblé, a rural setting of south-
central Côte d’Ivoire, located approximately 160 km north of the country’s
economic capital Abidjan. Our study was embedded in a cross-sectional epide-
miologic baseline survey assessing people’s infection status with helminths and
other parasites in the recently established health demographic surveillance sys-
tem in Taabo (Taabo HDSS). In late 2008, a population database was created in
the Taabo HDSS, which provides demographic, health, and socioeconomic data
on approximately 38,000 inhabitants.

In order to obtain baseline epidemiologic data in Léléblé, the existing Taabo
HDSS database was used to draw up a computer-generated random list of 351
individuals as a representation for the whole Taabo HDSS population in the
village, thus including children and female and male adults of all age groups.

Ethical considerations. The study was approved by the institutional research
commissions of the Swiss Tropical and Public Health Institute (Basel, Switzer-
land) and the Centre Suisse de Recherches Scientifiques en Côte d’Ivoire (Ab-
idjan, Côte d’Ivoire). Ethical approval was granted by the ethics committee of
Basel (EKBB, reference number 316/08) and Côte d’Ivoire, and a research
authorization for the first author of this paper (S. L. Becker) was provided by the
Ministry of Higher Education and Scientific Research in Côte d’Ivoire (autho-
rization number: 124/MESRS/DGRSIT/YKS/sac). Written informed consent

was obtained from all participants aged 16 years and above at the beginning of
the study. The parents or legal guardians of participating children (aged �16
years) gave their written informed consent prior to the collection of stool sam-
ples. At the end of the study, free treatment with albendazole (400 mg) was
offered to all study participants, and individuals infected with Schistosoma
haematobium and/or S. mansoni were treated with praziquantel (40 mg/kg of
body weight) according to the national treatment guidelines of Côte d’Ivoire.

Field and laboratory procedures. The purpose and procedures of the study
were explained to all participants. After written informed consent was obtained,
stool collection containers were distributed, and participants were invited to
provide a lime-sized sample of their own morning stool the following day. Stool
samples were collected between 08:00 and 10:00 a.m. and transferred to a
laboratory in Taabo Cité, 28 km east of Léléblé.

All stool samples were examined with standard methods (Kato-Katz, Baer-
mann, and Koga agar plate) (14, 18, 22) for soil-transmitted helminths, including
Strongyloides stercoralis, and for S. mansoni infections. Sufficiently large stool
samples were preserved in 5% formaldehyde and subjected to the Flotac-400
dual technique and the FECT to (i) diagnose helminth infections for prevalence
assessment in the frame of the cross-sectional epidemiologic baseline survey for
the Taabo HDSS and (ii) diagnose protozoon infections for the validation of the
Flotac-400 dual technique for diagnosis of human intestinal protozoon infec-
tions. The latter objective is the primary focus of the work presented here. First,
about half of the preserved stool samples were utilized for preliminary investi-
gations to standardize the Flotac-400 preparation protocol for the diagnosis of
intestinal protozoa. Second, the remaining stool samples were analyzed by Flo-
tac-400 and FECT, adhering to the standard protocols described below. The
diagnostic accuracy of both techniques was assessed.

Stool preparation procedures for intestinal protozoon diagnosis using Flotac-
400 and FECT were as follows. A portion of 2 to 3 g of each sample was placed
into a tube containing 10 ml of 5% formaldehyde. The stool material was stirred
with a wooden spatula, and the tube was vigorously shaken in order to achieve a
homogenized suspension of fecal material. Tubes were labeled with unique
identifiers, and the set of formaldehyde-preserved stool samples was forwarded
to the Regional Center for Monitoring Parasites (CREMOPAR) in Eboli, Italy.

After a preservation time of 10 to 12 weeks at room temperature, the stool
samples were prepared and examined under a light microscope (Olympus
CX21LED; Volketswil, Switzerland) by an experienced laboratory technician,
adhering to standard protocols for FECT and the Flotac-400 dual technique.
Each sample was resuspended by shaking and strained through a fine-mesh
(250-�m) wire sieve. Subsequently, the strained suspension was put into a tube
and centrifuged in a Hettich Universal 320 centrifuge (Tuttlingen, Germany) for
1 min at 500 � g. Following decantation of the supernatant, the fecal material
was weighed and afterwards resuspended in 5% formaldehyde. Next, every
mixture was split into three parts; the first was assigned to FECT and the second
and third to the Flotac-400 dual technique using FS4 (315 g NaNO3 plus 685 ml
H2O; specific gravity, 1.20 [sodium nitrate, catalog no. A3911; AppliChem]) and
FS7 (685 g ZnSO4 plus 685 ml H2O; specific gravity, 1.35 [zinc sulfate, catalog no.
A1000; AppliChem]). Of note, FS4 and FS7 were selected from a set of 14
currently available FSs with specific gravities ranging between 1.20 and 1.45 (8,
9). FS4 and FS7 were chosen because they produced the most accurate results for
the diagnosis of soil-transmitted helminth and S. mansoni infections in previous
studies (8, 20, 21, 39).

Standard protocol for FECT. Each tube containing a homogenized stool
sample preserved in 5% formaldehyde was centrifuged for 1 min at 500 � g. The
supernatant was discarded, and 7 ml of 0.85% sodium chloride and 3 ml of
diethyl ether were added to the remaining pellet, consisting of 0.5 to 1 ml. The
tube was sealed and rigorously shaken in order to bring the diethyl ether in
contact with all parts of the remaining fecal material. Following another centrif-
ugation step of 5 min at 500 � g, four different layers had formed, as follows: (i)
a sediment at the bottom, (ii) saline, (iii) fecal debris, and (iv) diethyl ether on
the top. The upper three layers were decanted so that only the sediment re-
mained in the tube. This layer was resuspended in a drop of 0.85% sodium
chloride and subsequently placed on a slide, which was examined under a mi-
croscope for intestinal protozoa at high magnification (10� ocular lens, 40�
objective) using oil immersion microscopy.

Standard protocol for Flotac-400 dual technique. In the laboratory, FS4 was
prepared by dissolving 315 g of NaNO3 in 500 ml tap water, followed by further
addition of tap water until a final volume of 1 liter was reached. FS7 was
prepared by dissolving 685 g of ZnSO4 � 7H2O in 685 ml tap water. The specific
gravities, 1.20 and 1.35, respectively, were checked with a hydrometer. Subse-
quently, 10 ml of the fecal suspension was transferred into two tubes each, and
the tubes were centrifuged for 3 min at 170 � g. The supernatant was discarded,
and the pellet of one of the tubes was resuspended with 7 ml of 0.85% sodium
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chloride and 3 ml of diethyl ether and again centrifuged for 3 min at 170 � g. This
ether washing step was performed to retain fecal debris. Subsequently, the
supernatant was discarded and each tube was filled with 5 ml of 0.85% sodium
chloride and centrifuged for 3 min at 170 � g. Following decantation of the
supernatant, each tube was filled to the 6-ml mark using FS7.

The other tube, containing the second part of the fecal sample, was filled to the
6-ml mark with FS4 without a prior ether washing step. Five milliliters of each
stool-FS suspension was placed into one of the two 5-ml chambers of the Flotac-
400 apparatus, which was subsequently centrifuged for 5 min at 120 � g. Fol-
lowing centrifugation, a simultaneous 45° rotation of the translation disc and the
reading disc of the apparatus cut the apical portion of the suspension in both
chambers transversally. Finally, the reading disk was examined under a micro-
scope at high magnification (10� ocular lens, 40� objective) using oil immersion
microscopy to identify intestinal protozoa. For both Flotac-400 observation grids,
intestinal protozoa were recorded separately for each species and each FS.

Blinding of microscopic examinations. To guarantee the independence of
each method’s results, the microscopic examination of all stool samples was
carried out according to two independent, computer-generated randomization
lists, one for each diagnostic method. All samples were examined by one labo-
ratory technician having long-standing experience with the diagnosis of intestinal
protozoa and being familiar with the procedures of both techniques. For quality
control, approximately 10% of the samples analyzed during the standardization
process for the Flotac-400 preparation protocol were reexamined by experienced
laboratory technicians from the Swiss Tropical and Public Health Institute
(Basel, Switzerland) and the University of Naples (Naples, Italy).

Whenever the determination of an intestinal protozoon species could not be
ascertained unambiguously, the observation was classified as negative, i.e., ab-
sence of an infection.

Statistical analysis. All data were double entered and cross-checked in Excel,
version 10.0 (2002 edition; Microsoft Corporation). For statistical analysis,
STATA (version 10.0; StataCorp, College Station, TX) was utilized. Every sam-
ple found to be positive for a specific intestinal protozoon species by one of the
two diagnostic techniques employed was considered true positive, leading to
the prevalence results of each method. The combined results of the FECT and
the Flotac-400 dual technique served as the diagnostic gold standard (with an
assumed 100% specificity) and were used as an estimate of the “true” prevalence.
The sensitivity and negative predictive value (NPV) were calculated for each
method in relation to this diagnostic gold standard, including 95% confidence
intervals (CIs) to quantify statistical uncertainty. We used Cohen’s kappa mea-
sure (�) to assess and interpret the agreement between the two diagnostic
techniques for the detection of individual intestinal protozoon species (6, 36).
Kappa measures were interpreted as follows: � � 0, no agreement; � � 0 to 0.20,
poor agreement; � � 0.21 to 0.40, fair agreement; � � 0.41 to 0.60, moderate
agreement; � � 0.61 to 0.80, substantial agreement; and � � 0.81 to 1.0, nearly
perfect agreement. We checked for marginal distributions of 2-by-2 contingency
tables and employed a test of marginal homogeneity (1). Since we did not find
any significant differences (P � 0.05), we used � values rather than raked �,
which was employed in a previous study comparing Flotac with the FECT and
the Kato-Katz technique for the diagnosis of S. mansoni and soil-transmitted
helminths (15).

RESULTS

Study cohort. From the 351 study participants selected for
the epidemiologic baseline data collection pertaining to para-
sitic infections in the Taabo HDSS, 222 individuals provided
sufficiently large stool specimens for the preservation of 2 to
3 g of stool in 5% formaldehyde (Fig. 1). After the standard-
ization process for the Flotac-400 dual technique, 113 remain-
ing stool samples were subjected to both the Flotac-400 dual
technique and the FECT, with 108 specimens being suitable
for comparison of the methods. There were slightly more fe-
male than male participants (55 versus 53). The median age of
our study cohort was 13 years (mean age, 18.7 years; standard
deviation, 16.3 years; range, 1 to 69 years).

Prevalence of intestinal protozoon infections. Table 1 shows
the prevalence of all eight species of intestinal protozoa iden-
tified in the current study according to the FECT, the Flotac-
400 dual technique (shown are combined results using both

FS4 and FS7, as well as separate results obtained from FS4 or
FS7 only), or the combination of both methods, including
kappa measures of agreement between the two methods. Ac-
cording to our diagnostic gold standard, Entamoeba coli was
the most frequent intestinal protozoon, with an overall preva-
lence of 87.0% (95% CI, 79.2 to 92.7%). The levels of preva-
lence of E. histolytica/E. dispar and Blastocystis hominis were
38.9% (95% CI, 29.7 to 48.8%) and 30.6% (95% CI, 22.1 to
40.2%). G. intestinalis was found in 11.1% (95% CI, 5.9 to
18.6%) of the 108 stool samples subjected to both methods.
During the microscopic examination of the Flotac reading disk,
we regularly observed deformed cysts of E. coli (Fig. 2). How-
ever, species identification was still possible due to the unifor-
mity of this phenotypic transformation in all E. coli-positive
stool samples. Helminth eggs were found by both methods
(data not shown).

Comparison of diagnostic methods. Comparing the FECT
and the Flotac in terms of absolute numbers of identified
positive cases (shown as two-way contingency tables in Table
2), the Flotac-400 dual technique—comprising the combined
results obtained by using FS4 and FS7—detected a higher
number of individuals infected with G. intestinalis (Flotac, n �
9; FECT, n � 7), while E. histolytica/E. dispar was diagnosed
more often by the FECT (n � 30) than the Flotac (n � 22).
The agreement between both methods was moderate for G.
intestinalis (� � 0.46) but only poor for E. histolytica/E. dispar
(� � 0.20). The Flotac-400 detected more infections with B.
hominis (n � 22) than FECT (n � 14), with poor agreement
between the two methods (� � 0.01). Importantly, even when
comparing the results of each FS chamber separately to the
results of the FECT (hence comparing equal amounts of
stool), FS7 revealed as many G. intestinalis cases as FECT
(Flotac FS7, n � 7; FECT, n � 7) (Table 1) and FS4 diagnosed
more B. hominis infections than FECT (Flotac FS4, n � 20;
FECT, n � 14). Of note, for most of the nonpathogenic
intestinal protozoon species, namely, Entamoeba hartmanni,
Endolimax nana, Chilomastix mesnili, and Iodamoeba buetsch-
lii, the FECT consistently revealed higher prevalences than the
Flotac-400 dual technique, while the opposite was observed for
the commensal E. coli. The agreement between the two tech-
niques was fair for most of these commensal protozoa.

Table 3 reports the sensitivity and NPV for both techniques
for the different species of intestinal protozoa detected under
a microscope in relation to our diagnostic gold standard. With
regard to pathogenic protozoa, the FECT was more sensitive
for the diagnosis of E. histolytica/E. dispar (sensitivity, 71.4%;
95% CI, 55.4 to 84.3%) than the Flotac-400 dual technique
(sensitivity, 52.4%; 95% CI, 36.4 to 68.0%), whereas the op-
posite was found for G. intestinalis (Flotac sensitivity, 75.0%,
and 95% CI, 72.8 to 94.5%; FECT sensitivity, 58.3%, and 95%
CI, 27.7 to 84.8%).

DISCUSSION

There is a growing awareness of the clinical importance and
public health relevance of intestinal parasitic infections, par-
ticularly those caused by helminths (17). Less attention is given
to intestinal protozoon infections (28), despite a report some
20 years ago by the World Health Organization (WHO) Col-
laborating Centre for the Epidemiology of Intestinal Parasitic
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Infections emphasizing that the accurate diagnosis of intestinal
protozoon infections is of pressing necessity in order to imple-
ment cost-effective control measures for intestinal parasitic
infections (5).

We investigated the accuracy of the Flotac-400 dual tech-
nique for the diagnosis of intestinal protozoon infections in 108
stool samples obtained from a random sample of people living
in rural south-central Côte d’Ivoire. Comparison was made
with the FECT, which is a widely used technique for detection
of intestinal protozoon cysts, both in epidemiologic surveys and
reference laboratories (25, 27, 30, 37). Adhering to standard
protocols, both techniques revealed the same eight intestinal
protozoon species. The number of individuals identified as
positive by each technique, however, varied considerably from
one species to another. While the Flotac-400 dual technique
showed a higher sensitivity and, thus, identified more fecal
samples as positive for the pathogenic protozoon species G.
intestinalis, as well as the potentially pathogenic B. hominis (33,
35) and the nonpathogenic E. coli, FECT detected E. histo-

lytica/E. dispar and four nonpathogenic commensal protozoon
species (i.e., E. hartmanni, E. nana, I. buetschlii, and C. mesnili)
with a higher sensitivity. Our study, therefore, confirms that
the Flotac-400 dual technique is useful for the diagnosis of
human intestinal protozoon infections, which adds further
weight to preliminary findings of an investigation with stool
samples obtained from immigrants in southern Italy (16). Our
study constitutes the first rigorous comparison of diagnostic
accuracy between the Flotac-400 dual technique and the
FECT. We adhered to standard protocols and analyzed stool
samples according to sequences of computer-generated ran-
dom lists. The microscopist was blinded to the results of the
other technique, and approximately 10% of the readings were
quality controlled. Our results are encouraging, as both meth-
ods achieved comparable recovery rates for the diagnosis of
intestinal protozoa.

It is important to note that the study presented here utilized
stool samples obtained from an African population in an area
where intestinal protozoa and other intestinal parasites are

FIG. 1. Compliance and final cohort for a study comparing the diagnostic accuracy of the Flotac-400 dual technique and the FECT for the
detection of intestinal protozoa in stool samples obtained from participants in Léléblé, south-central Côte d’Ivoire. The original group was a
computer-generated random list of 351 individuals that was drawn up as a representation for the whole population in the village.
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highly endemic. The use of a single diagnostic technique that is
able to diagnose most of the intestinal parasitic pathogens
would represent an important step forward for more accurate
differential diagnosis. Indeed, previous studies showed that the
Flotac technique is able to detect common soil-transmitted
helminths and S. mansoni with an equal or higher sensitivity
than currently more widely used methods, such as Kato-Katz
and FECT (8, 15, 20, 21, 39). In the framework of the present
study (baseline prevalence assessment for parasitic diseases in
the Taabo HDSS), FECT and the Flotac technique were also
successfully employed for the diagnosis of helminth infections.
Hence, Flotac might become a useful addition to the suite of
diagnostic techniques, particularly those that are able to con-
currently detect helminths and intestinal protozoa. Of note,
the Flotac-400 dual technique consists of the examination of
the same stool sample in the two chambers of the Flotac
apparatus, each filled with a different FS. In the present inves-
tigation, FS4 and FS7, which are commonly employed for the
diagnosis of human helminth infection (8, 15, 20, 21, 39),
detected intestinal protozoa with sensitivities comparable to

that of the FECT, even when comparing the results of the
latter technique to those obtained by separate analysis of only
one Flotac chamber (using either FS4 or FS7).

From a clinical point of view, the accurate and reliable
identification of pathogenic parasites is of paramount impor-
tance, while the diagnosis of simple commensal species is of
lesser interest. Hence, the evaluation of a diagnostic technique
for intestinal protozoa should focus primarily on the diagnostic
accuracy for G. intestinalis, E. histolytica/E. dispar, and perhaps,
B. hominis. At present, no decisive statement in favor of either
diagnostic technique employed here can be made, as the Flo-
tac-400 dual technique detected infections with G. intestinalis
and B. hominis with a higher sensitivity than the FECT but was
inferior to the FECT with regard to the diagnosis of E. histo-
lytica/E. dispar infections. It is noteworthy that no currently
available copromicroscopic technique is able to reliably differ-
entiate between the pathogenic E. histolytica and the non-
pathogenic commensal E. dispar (11, 31). Hence, other labo-
ratory techniques, such as PCR assays, must be employed for
an accurate diagnosis of E. histolytica (13). The pressing need

TABLE 1. Prevalence of intestinal protozoon infections determined by the formalin-ether concentration technique (FECT), the Flotac-400
dual technique (results obtained from FS4 and FS7 combined and results from each FS singly), and a combination of both techniques

(considered the diagnostic gold standard)

Intestinal protozoon
Combined results FECT results

Flotac results

Kappa
valuea

P
valueb

FS4 and FS7
combined FS4 only FS7 only

No. % 95% CI No. % 95% CI No. % 95% CI No. % 95% CI No. % 95% CI

Entamoeba coli 94 87.0 79.2–92.7 77 71.3 61.8–79.6 84 77.8 68.8–85.2 74 69.0 58.9–77.1 66 61.1 51.3–70.3 0.35 �0.001
Entamoeba histolytica/

E. dispar
42 38.9 29.7–48.8 30 27.8 19.6–37.2 22 20.4 13.2–29.2 12 11.0 5.9–18.6 17 15.7 9.5–24.0 0.20 0.019

Blastocystis hominis 33 30.6 22.1–40.2 14 13.0 7.3–20.8 22 20.4 13.2–29.2 20 19.0 11.7–27.1 7 6.5 2.7–12.9 0.01 0.458
Entamoeba hartmanni 14 13.0 7.3–20.1 12 11.1 5.9–18.6 3 2.8 0.6–7.9 3 2.8 0.6–7.9 1 0.9 0.02–5.1 0.09 0.107
Giardia intestinalis 12 11.1 5.9–18.6 7 6.5 2.6–12.9 9 8.3 3.9–15.2 5 4.6 1.5–10.5 7 6.5 2.6–12.9 0.46 �0.001
Endolimax nana 12 11.1 5.9–18.6 12 11.1 5.9–18.6 2 1.9 0.2–6.5 2 1.9 0.2–6.5 0 0 0.26 �0.001
Chilomastix mesnili 8 7.4 3.3–14.1 8 7.4 3.3–14.1 1 0.9 0.1–5.1 1 0.9 0.02–5.1 0 0 0.21 �0.001
Iodamoeba buetschlii 4 3.7 1.0–9.2 3 2.7 0.6–7.9 2 1.9 0.2–6.5 0 0 2 1.9 0.2–6.5 0.39 �0.001

a The Cohen kappa statistic indicates the agreement between the two diagnostic methods (n � 108).
b P values were obtained by comparison of FECT and Flotac (results from FS4 and FS7 combined).

FIG. 2. The intestinal protozoon E. coli as seen under a light microscope when examining human stool samples using FECT (A) and the
Flotac-400 dual technique (B).
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to further augment the available diagnostic tools for intestinal
protozoa is underlined by our results; even the FECT, which is
widely used in the diagnosis of intestinal protozoa, failed to
detect a considerable number of infections, regardless of the
species investigated.

The agreement between the two diagnostic techniques, as
determined by Cohen’s kappa statistic, was generally low to
moderate. The highest kappa value was found for G. intestina-
lis (� � 0.46), whereas for other intestinal protozoon species,
the kappa values were below 0.40. Similar observations have
been made in previous studies in which equal sets of stool
samples were examined by different reference diagnostic cen-
ters adhering to standard protocols, and yet, unexpectedly low
levels of agreement between laboratories were reported (4,
37). Moreover, stool consistency is an important consideration
that may have negatively influenced the method agreement in
our comparison, as the number of intestinal protozoon cysts in
loose or watery stool specimens is considerably lower than
in normally formed stool, hence rendering it more likely that
light infections may be missed by microscopic techniques.

Our study suffers from limitations that may at least partially
explain the observed discordance between the two methods
investigated for the diagnosis of intestinal protozoa. Most im-
portantly, it must be noted that in the absence of an objective
diagnostic gold standard, the pooled results of the Flotac-400
dual technique and the FECT had to be considered the “true”
prevalence in order to render a calculation of NPV and sensi-
tivity possible. Hence, no definitive statement about false-pos-
itive or false-negative results can be made, as it was not feasible
to verify the reported data by another independent technique,
such as PCR results. The use of PCR assays would probably
have revealed even higher infection rates of most intestinal
protozoon species. In the absence of readily available PCR or
another highly sensitive diagnostic assay, multiple stool exam-
inations using FECT, Flotac, or another copromicroscopic
technique would have been required to determine the “true”
infection prevalence of intestinal protozoa and helminths (34).
Whenever copromicroscopic diagnostic techniques are em-

ployed, it is important to ensure that all laboratory technicians
involved in the examination process are well trained so that
possible bias is reduced to a minimum. In our study, all micro-
scope slides were read by the same experienced technician to
avoid interpersonal discrepancy influencing the results.

Additional studies are warranted to confirm the promising
results reported here and those obtained before for migrants in
Italy (16) regarding the accuracy of the Flotac-400 dual tech-
nique for diagnosis of intestinal protozoa. Three observations
from our study emphasize the need for validating additional FS
to further improve the accuracy of the Flotac-400 dual tech-
nique. First, the microscopic analysis of the Flotac samples in
the laboratory was often time consuming, as a considerable
quantity of fecal debris had not been retained by the chemical
agents used during the preparation phase. The visibility of
the intestinal protozoon cysts or vegetative forms was there-
fore limited, and the identification of subcellular structures
like nucleoli became difficult. As the differentiation of some
Entamoeba species is based on correct nucleolus counts, the
examination of the Flotac-400 reading disk under the micro-
scope sometimes did not permit determination of the species

TABLE 3. Species-specific sensitivity and NPV of the formalin-
ether concentration technique (FECT) and the Flotac-400 dual

technique for the diagnosis of intestinal protozoon
infections in stool specimens from south-central

Côte d’Ivoirea

Species and test Sensitivity
(95% CI) NPV (95% CI)

Entamoeba coli
FECT 81.9% (72.6–89.1%) 45.2% (27.3–64.0%)
Flotac 88.3% (80.0–94.1%) 54.2% (32.9–74.5%)

Entamoeba histolytica/
E. dispar

FECT 71.4% (55.4–84.3%) 84.6% (74.7–91.8%)
Flotac 52.4% (36.4–68.0%) 76.7% (66.4–85.2%)

Blastocystis hominis
FECT 42.4% (25.5–60.8%) 79.8% (70.3–87.4%)
Flotac 66.7% (48.2–82.0%) 87.2% (78.3–93.4%)

Entamoeba hartmanni
FECT 85.7% (57.2–98.2%) 97.9% (92.7–99.8%)
Flotac 21.4% (4.7–50.8%) 89.5% (82.0–94.7%)

Giardia intestinalis
FECT 58.3% (27.7–84.8%) 95.1% (88.8–98.4%)
Flotac 75.0% (72.8–94.5%) 97.0% (91.4–99.4%)

Endolimax nana
FECT 100% (73.5–100%) 100% (96.2–100%)
Flotac 16.7% (2.1–48.4%) 90.6% (88.3–95.4%)

Chilomastix mesnili
FECT 100% (63.6–100%) 100% (96.4–100%)
Flotac 12.5% (0.3–52.7%) 93.5% (87.0–97.3%)

Iodamoeba buetschlii
FECT 75.0% (19.4–99.4%) 99.1% (94.8–99.9%)
Flotac 50.0% (6.8–93.2%) 98.1% (93.4–99.8%)

a A total of 108 stool specimens were examined. The combined results from
FS4 and FS7 for the Flotac-400 dual technique are included. The pooled results
of the FECT and the Flotac-400 dual technique were considered the diagnostic
gold standard (sensitivity � 100%, NPV � 100%).

TABLE 2. Two-way contingency table showing the number of
identified positives and the agreement between the formalin-

ether concentration technique (FECT) and the Flotac-400
dual technique for the diagnosis of G. intestinalis,

E. histolytica/E. dispar, and B. hominis in stool
specimens from south-central Côte d’Ivoirea

Species Result in
Flotac

No. of isolates with
result in FECT Total

Positive Negative

Giardia intestinalis Positive 4 5 9
Negative 3 96 99
Total 7 101 108

Entamoeba histolytica/
E. dispar

Positive 10 12 22
Negative 20 66 86
Total 30 88 108

Blastocystis hominis Positive 3 19 22
Negative 11 75 86
Total 14 94 108

a A total of 108 stool samples were examined. The combined results from FS4
and FS7 for the Flotac-400 dual technique are included.
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of intestinal protozoa, so that these results had to be excluded,
decreasing the method’s sensitivity. Staining the fecal samples,
e.g., by using Lugol’s iodine, may help to improve the visibility
and, hence, the differential diagnosis of Entamoeba species in
future investigations. Second, E. coli was destroyed by both FS
employed in the current study (Fig. 2), which might indicate
that the chemicals used were too aggressive for some intestinal
protozoon species. It is conceivable that the sensitivity of the
Flotac-400 dual technique can be further enhanced when FSs
are used that are able to retain debris more effectively and,
hence, allow a more accurate identification of the parasites
investigated. Indeed, a recent study suggests that FS3 may be
more appropriate for the diagnosis of E. histolytica/E. dispar
than the two FSs employed here (i.e., FS4 and FS7), yet it
remains to be elucidated whether FS3 can be used for concur-
rent helminth diagnosis. Lately, it has been acknowledged that
the choice of FS plays an important role in the results obtained
by any diagnostic technique that is based upon flotation and
sedimentation (8, 9). This observation is confirmed by our
data, as FS4 and FS7 showed remarkably different sensitivities
depending on the intestinal protozoon species investigated.
Therefore, new research is needed to document the influence
of different FSs on the visibility and differential diagnosis of
intestinal protozoon cysts. Third, the effect of the fixative used
for preservation of fecal samples has to be evaluated, as there
is considerable debate whether a 5% or 10% formalin fixation
or a SAF fixative is more appropriate for the preservation of
stool samples pending Flotac, as well as FECT (8). With regard
to FECT, it should be noted that in some laboratories, the use
of ether is not allowed any longer, and it has been replaced by
diethyl acetate, which is supposed to have no impact on diag-
nostic accuracy (37).

We conclude that there is a need for additional studies
elucidating the influence of the chemical agents used for fecal
fixation, the performance of different FSs, and the duration of
stool preservation on the accuracy of intestinal protozoon and
helminth diagnosis (8, 10, 15). New insights will help to facil-
itate, improve, and further standardize the Flotac preparation
protocols, particularly for the diagnosis of intestinal protozoa.
In considering the advantages and drawbacks of the Flotac
technique compared to those of currently more widely used
diagnostic techniques, it is too early to conclude whether
broader application of the Flotac method would offer a real
benefit. The observation that the intestinal protozoon E. coli,
as well as the trematode S. mansoni (15), are somewhat de-
formed when subjected to the Flotac technique must be con-
sidered. Despite these constraints, the diagnostic performance
of the Flotac-400 dual technique for detection of intestinal
protozoa is promising, at least when compared to that of the
widely used FECT. It seems worthwhile to further develop and
validate the Flotac method, particularly when considering that
the technical requirements of both diagnostic tools are almost
equal and that the preparation and reading time for the Flotac-
processed samples is comparable to the time needed for FECT
and other standard diagnostic techniques (32). The concurrent
diagnosis of both helminths and intestinal protozoa would rep-
resent a major step forward, as it would facilitate the epide-
miologic surveillance of polyparasitism and spur public health
interventions throughout the world (29, 30). With regard to
clinical aspects, a multivalent diagnostic approach such as the

Flotac method may be employed as a screening test for indi-
viduals whose clinical symptoms are not sufficient to reliably
determine a specific infection.
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